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Devwudfw
Zh vkrz wkdw wkh uhfhqwo| ghyhorshg qrqsdudphwulf surfhgxuh iru ?wwlqj wkh whup vwuxfwxuh
ri lqwhuhvw udwhv ghyhorshg e| Olqwrq/ Pdpphq/ Qlhovhq/ dqg Wdqjjddug +5333, ryhudoo shuirupv
qrwdeo| ehwwhu wkdq wkh kljko|  h{leoh PfFxoorfk +4<:8, fxelf vsolqh dqg Idpd dqg Eolvv +4<;:,
errwvwuds phwkrgv1 Krzhyhu/ li lqwhuhvw lv olplwhg wr wkh Wuhdvxu| eloo uhjlrq dorqh wkhq wkh
Idpd0Eolvv phwkrg ghprqvwudwhv vxshulru shuirupdqfh1 Zh ixuwkhu vkrz/ yld vlpxodwlrq/ wkdw
xvlqj wkh hvwlpdwhg vkruw udwh iurp wkh Olqwrq0Pdpphq0Qlhovhq0Wdqjjddug surfhgxuh dv d
sur{| iru wkh vkruw udwh kdv kljkhu suhflvlrq wkhq wkh frpprqo| xvhg sur{lhv ri wkh rqh dqg
wkuhh prqwk Wuhdvxu| eloo udwhv1 Lw lv ghprqvwudwhg wkdw wklv suhflvlrq lv lpsruwdqw zkhq xvlqj
sur{lhv wr hvwlpdwh wkh vwrfkdvwlf surfhvv jryhuqlqj wkh hyroxwlrq ri wkh vkruw udwh1
4 Lqwurgxfwlrq
Wkh whup vwuxfwxuh ri lqwhuhvw udwhv lv fhqwudo wr doo prghov ri ?{hg0lqfrph vhfxulw| sulflqj1 Sulph
h{dpsohv ri frqwlqxrxv wlph prghov ri wkh whup vwuxfwxuh lqfoxgh Ydvlfhn +4<::,/ Fr{/ Lqjhuvroo dqg
Urvv +4<;8,/ Kxoo dqg Zklwh +4<<3,/ dqg Khdwk/ Mduurz/ dqg Pruwrq +4<<5,1 Lq erwk wkh Ydvlfhn
dqg Fr{0Lqjhuvroo0Urvv prghov wkh hyroxwlrq ri wkh vkruw whup lqwhuhvw udwh dqg ulvn suhihuhqfhv duh
vshfl?hg> wklv ghwhuplqhv wkh whup vwuxfwxuh rq dq| jlyhq gd|1 Kxoo dqg Zklwh ghprqvwudwhv krz
wr h{whqg erwk ri wkhvh prghov vr wkdw wkh| fdq eh fdoleudwhg wr dq revhuyhg lqlwldo whup vwuxfwxuh1
úDqguhz Mh>uh|/ \doh Vfkrro ri Pdqdjhphqw/ SR Er{ 53;533/ Qhz Kdyhq FW1 398530;5331 Skrqh= +536, 765
935<1 Id{= +536, 765 9<:31 Hpdlo= Dqguhz1Mh>uh|C|doh1hgx
|Ghsduwphqw ri Hfrqrplfv/ Orqgrq Vfkrro ri Hfrqrplfv/ Krxjkwrq Vwuhhw/ Orqgrq ZF5D 5DH/ Xqlwhg Nlqjgrp1
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}Edqn ri Dphulfd Vhfxulwlhv/ Vdq Iudqflvfr/ FD <7444/ X1V1D1
4
Khdwk0Mduurz0Pruwrq ghyldwh vljql?fdqwo| iurp wkhvh sdudgljpv e| wdnlqj dq lqlwldo whup vwuxfwxuh
dv jlyhq dqg prghov wkh hyroxwlrq ri wkh zkroh fxuyh1
Xqiruwxqdwho|/ dw dq| srlqw lq wlph wkh zkroh whup vwuxfwxuh lv qrw gluhfwo| revhuydeoh1 Frqvlghu
jryhuqphqw erqgv/ zklfk lv d qdwxudo gdwd vhw iurp zklfk wr rewdlq wkh whup vwuxfwxuh1 Wkhuh duh
vhyhudo revwdfohv lq sodfh1 Wkh ?uvw/ dqg prvw reylrxv/ gl!fxow| lv wkdw rqo| d ?qlwh froohfwlrq ri
erqgv duh revhuyhg dv rssrvhg wr d ghvluhg frqwlqxxp1 Vhfrqg/ doo erqgv lvvxhg zlwk pdwxulwlhv
juhdwhu wkdq rqh |hdu duh frxsrq ehdulqj/ h{fhsw iru erqgv fuhdwhg xvlqj wkh uhfhqwo| lqwurgxfhg
VWULSV surjudp14 Wkh h{lvwhqfh ri frxsrq sd|phqwv lv xqghvludeoh ehfdxvh wkhruhwlfdo whup vwuxf0
wxuh prghov/ vxfk dv wkrvh phqwlrqhg deryh/ dozd|v pdnh uhihuhqfh wr wkh }hur0frxsrq erqg whup
vwuxfwxuh1 Wklug/ pdq| wkhruhwlfdo prghov dovr dvvxph wkdw doo erqgv duh ghidxow0iuhh zlwkrxw ihd0
wxuhv vxfk dv fdoodelolw| dqg2ru vshfldo wd{ sulylohjhv1 Wklv xqiruwxqdwho| olplwv wkh gdwd wkdw fdq eh
xvhg1 Ilqdoo|/ oltxlglw| sureohpv duh vrphwlphv suhvhqw1 Lw kdv ehhq zhoo grfxphqwhg wkdw Wuhdvxu|
qrwhv dqg erqgv zlwk ohvv wkdq rqh |hdu wr pdwxulw|/ dqg Wuhdvxu| eloov zlwk ohvv wkdq rqh prqwk wr
pdwxulw|/ duh looltxlg +vhh Idpd dqg Eolvv +4<;:,/ Vdulj dqg Zdujd +4<;<,/ Dplkxg dqg Phqghovrkq
+4<<4,/ Gx>hh +4<<9,/ Eolvv +4<<:,,1
Rxu lqwhuhvw lq hvwlpdwlqj wkh }hur0frxsrq erqg whup vwuxfwxuh lv wzr0irog1 Iluvw/ hvwlpdwlrq ri
wkh glvfrxqw ixqfwlrq hdfk gd| vkrxog eh frqvlghuhg dv d yhklfoh wr h{soruh wkh lqwhuwhpsrudo ehkdylru
ri wkh whup vwuxfwxuh1 Lq idfw vxfk h{wudfwlrq surfhgxuhv duh dovr d suh0uhtxlvlwh iru lqwhuwhpsrudo
prghov uhtxlulqj wkh vshfl?fdwlrq ri dq lqlwldo whup vwuxfwxuh/ vxfk dv Kxoo dqg Zklwh +4<<3, dqg
Khdwk/ Mduurz dqg Pruwrq +4<<5,1 Vhfrqg/ ri sduwlfxodu lqwhuhvw lv wkh hvwlpdwlrq ri wkh yhu| vkruw
hqg ri wkh whup vwuxfwxuh vlqfh prvw prghov ri wkh whup vwuxfwxuh*v hyroxwlrq kdyh wkh vkruw whup
lqwhuhvw udwh dv d vwdwh yduldeoh1 Wkh lpsruwdqfh ri wkh vkruw hqg lv kljkoljkwhg e| wkh idfw wkdw
wkh hyroxwlrq ri wkh vkruw0whup lqwhuhvw udwh xqghu wkh ulvn0qhxwudo suredelolw| phdvxuh lv hqrxjk wr
fkdudfwhul}h wkh zkroh whup vwuxfwxuh1
Wkh ?uvw zrun ghdolqj zlwk wkh h{wudfwlrq ri wkh +xqrevhuyhg, }hur0frxsrq erqg whup vwuxfwxuh lv
dffuhglwhg wr PfFxoorfk +4<:4/ 4<:8, zkr sursrvhg ?wwlqj wkh glvfrxqw ixqfwlrq zlwk txdgudwlf dqg
fxelf vsolqhv1 Ydulrxv dowhuqdwlyh sdudphwulf phwkrgv iroorzhg= Fkdpehuv/ Fduohwrq/ dqg Zdogpdq
+4<;7, xvh sro|qrpldov wr hvwlpdwh wkh |lhog fxuyh/ Ydvlfhn dqg Irqj +4<;5, xvh h{srqhqwldo vsolqhv wr
hvwlpdwh wkh glvfrxqw ixqfwlrq/ dqg Qhovrq dqg Vlhjho +4<;:, xvh d vhfrqg0rughu frqvwdqw0frh!flhqw
sduwldo gl>huhqwldo htxdwlrq wr ?w wkh |lhog fxuyh lq d sduvlprqlrxv idvklrq1 Ilvkhu/ Q|fknd/ ]huyrv
43Vwulsshg4 qrwhv dqg erqgv duh lvvxhv wkdw kdyh kdg wkhlu frpsrqhqw fdvk  rzv wudghg vhsdudwho|1 Wkh Wuhdvxu|
grhv qrw vhoo wkh lqglylgxdo fdvk  rzv/ wklv lv grqh e| ghdohuv wkdw ?uvw sxufkdvh d frxsrq ehdulqj qrwh ru erqg1 Lq
4<;8 wkh Wuhdvxu| shuplwwhg wklv uhvdoh ri lqglylgxdo fdvk  rzv iru d olplwhg vhohfwlrq ri qrwhv dqg erqgv 0 fdoohg wkh
VWULSV surjudp1 Dv ri Vhswhpehu 4<<; doo Wuhdvxu| qrwhv dqg erqgv lvvxhg rq ru diwhu Vhswhpehu 63/ 4<<: duh doo
holjleoh iru wkh VWULSV surjudp1
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+4<<8, dqg Zdjjrqhu +4<<:, prgli| wkh PfFxoorfk fxelf vsolqh surfhgxuh e| dgglqj d ixqfwlrq wr
shqdol}h odujh yduldwlrqv lq wkh hvwlpdwhg |lhog fxuyh wkdw fdq rffxu zlwk ryhu0?wwlqj1 Idpd dqg
Eolvv +4<;:, dssurdfk wkh whup vwuxfwxuh hvwlpdwlrq sureohp gl>huhqwo|1 Lqvwhdg ri surylglqj d fxuyh
?wwlqj surfhgxuh wkh| xvh dq lwhudwlyh vfkhph/ uhihuuhg wr dv 3errwvwudsslqj4/ zkhuh d slhfh0zlvh
frqvwdqw iruzdug udwh fxuyh lv fkrvhq wr h{dfwo| sulfh doo erqgv15 Dq h{fhoohqw sdshu wkdw frpsduhv
d odujh vxevhw ri wkh deryh whup vwuxfwxuh h{wudfwlrq phwkrgv lv surylghg e| Eolvv +4<<:,1 Lq vkruw/
edvhg rq rxw0ri0vdpsoh whvwv/ kh frqfoxghv wkdw wkh Idpd0Eolvv phwkrg shuirupv ehwwhu wkdq doo
rwkhu phwkrgv dqg wkh PfFxoorfk fxelf vsolqh lv wkh ehwwhu shuiruphu dprqjvw wkh uhpdlqlqj fxuyh
?wwlqj surfhgxuhv1
Uhfhqwo|/ Olqwrq/ Pdpphq/ Qlhovhq/ dqg Wdqjjddug +5333, +OPQW khuhdiwhu, kdyh ghyhorshg
d qrqsdudphwulf nhuqho vprrwklqj surfhgxuh wr ?w wkh glvfrxqw ixqfwlrq1 Wklv dssurdfk lv kljko|
 h{leoh zlwk uhjdug wr wkh ixqfwlrqdo irup ri wkh hvwlpdwhg fxuyh> wkh wudgh0r> ehwzhhq xqghu2ryhu0
?wwlqj lv frqwuroohg e| wkh 3edqgzlgwk4 wkdw ghwhuplqhv wkh txdqwlw| ri qhdue| lqirupdwlrq xvhg wr
hvwlpdwh wkh |lhog dw d sduwlfxodu pdwxulw|1 OPQW +5333, prvwo| surylghv d ghvfulswlrq ri wkh odujh
vdpsoh wkhruhwlfdo surshuwlhv ri wkh glvfrxqw ixqfwlrq*v hvwlpdwh exw wkh uhodwlyh shuirupdqfh ri wklv
hvwlpdwh frpsduhg zlwk rwkhu whup vwuxfwxuh h{wudfwlrq phwkrgv kdv qrw ehhq hvwdeolvkhg rq uhdo
gdwd1 Wklv prwlydwhv wkh ?uvw sduw ri wkh suhvhqw sdshu= zh frqvlghu d prgl?hg yhuvlrq ri wkh OPQW
surfhgxuh/ surylgh wkh ?uvw rughu frqglwlrqv qhfhvvdu| wr vroyh wkh rswlpl}dwlrq sureohp lq d wlpho|
idvklrq/ dqg ?qdoo| hpslulfdoo| frpsduh wklv whup vwuxfwxuh hvwlpdwlrq surfhgxuh wr rwkhu  h{leoh
whup vwuxfwxuh h{wudfwlrq phwkrgv16 Lq rxu frpsdulvrq zh rqo| frqvlghu wkh Idpd0Eolvv +4<;:,
errwvwudsslqj phwkrg dqg wkh PfFxoorfk +4<:8, fxelf vsolqh phwkrg vlqfh= l, wkh OPQW phwkrg
lv qrw sduvlprqlrxv dqg zh zlvk wr frpsduh lw wr rwkhu qrq0sduvlprqlrxv phwkrgv/ dqg ll, Eolvv
+4<<:, kdv fohduo| ghprqvwudwhg wkh vxshulru shuirupdqfh ri erwk wkh Idpd0Eolvv dqg PfFxoorfk
surfhgxuhv uhodwlyh wr rwkhu h{lvwlqj phwkrgv17
Xvlqj X1V1 Wuhdvxu| eloov/ qrwhv dqg erqgv zlwk wlph0wr0pdwxulwlhv rxw wr whq |hduv rewdlqhg
iurp wkh FUVS erqgv gdwd vhw ryhu wkh shulrg Mdqxdu| 4<:3 wr Ghfhpehu 4<<; zh frqfoxgh wkdw
wkh prgl?hg OPQW surfhgxuh ghprqvwudwhv qrwdeoh vxshulru shuirupdqfh rq dyhudjh1 Lq0vdpsoh
uhvxowv vxjjhvw wkdw wkh OPQW phwkrg lv suhihuuhg wr PfFxoorfk*v fxelf vsolqh :3( wr ;8( ri
wkh wlph dfurvv wkh zkroh pdwxulw| vshfwuxp18 Rxw0ri0vdpsoh wkh OPQW surfhgxuh lv suhihuuhg wr
5Qrwh wkdw wkhlu lpsohphqwdwlrq uhtxluhv wkh holplqdwlrq ri vxvslflrxv txrwhv xvlqj d vhulhv ri ?owhuv1
6Wkh prgl?fdwlrq frqvlghuhg lv wr hvwlpdwh wkh |lhog fxuyh lqvwhdg ri wkh glvfrxqw ixqfwlrq1 Wklv zdv vxjjhvwhg
lq OPQW +5333, dv dq h{whqvlrq1
7Zh frqgxfwhg vrph suholplqdu| dqdo|vlv xvlqj rwkhu whup vwuxfwxuh ?wwlqj surfhgxuhv dqg rxu uhvxowv frqiruphg
wr wkh ?qglqjv ri Eolvv +4<<:,1
8Lq0vdpsoh frpsdulvrq wr wkh Idpd0Eolvv phwkrg lv qrw frqvlghuhg dv wklv phwkrg zloo/ e| frqvwuxfwlrq/ surylgh
dq doprvw shuihfw ?w1
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